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I. INTRODUCTION
A robust and reliable source of anti-bunched photons, that is, an on-demand single photon source, is essential for the implementation of quantum information applications like quantum computation and quantum cryptography. Self assembled semiconductor quantum dots (QDs) have been fully confirmed as an effective single photon source.
1,2 Their ease of fabrication and their compatibility with present day devices and with advanced processing techniques makes them very attractive for these applications. However, in order to achieve an efficient source, the quantum dots have to be embedded in a small volume (V ), high quality factor (Q) cavity, to take advantage of the Purcell effect to enhance the spontaneous emission and to improve collection efficiency. 3, 4 Several approaches are being considered for the implementation of the photonic cavity. 5 Defects in a photonic crystal, whispering gallery microcavities of different geometries and micropillar cavities are the three concepts most intensely explored. The third approach offers as main advantages an expected good collection efficiency 6 and relatively easy integration with other opto-electronic devices. By altering the shape of the micropillars, the photonic mode structure can be controlled to some extent. It has already been demonstrated that in pillars with an elliptical cross section the polarization degeneracy of the modes is lifted. [7] [8] [9] The achievement of a Purcell enhancement for just one polarized state of the quantum dots is a desirable feature since polarization degeneracy is a potential source of noise. In addition, we have also recently demonstrated 10 that in elliptical micropillars the photonic mode polarized parallel to the major axis of the ellipse have a Q/V ratio significantly greater than can be achieved in a circular pillar of similar volume. Therefore, these structures are very interesting for all applications that require the maximization of the Purcell effect, where one desires a large Q/V , and for the study of strong coupling effects, which needs structures with a large Q/ √ V ratio.
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In this paper we show that the polarization of the quantum dot emission in microcavity pillars with elliptical cross section can be completely controlled. We demonstrate that the linearly polarized emission of a single dot within the elliptical microcavity pillar can be changed between two orthogonal directions by coupling the excitonic dot emission alternately to the polarized lowest energy modes of the cavity. We also measure the spatial profile of the emission for the photonic modes of a series of microcavity micropillars with increasing degree of ellipticity. We show that the spatial distribution of light emission in these structures is well explained by a theoretical model that considers the photonic modes of an infinite length elliptical cylinder with quantized modes in the waveguide direction. In this way, we are able to identify each mode of our pillars and understand the order in energy in which they occur.
II. EXPERIMENTAL
The samples studied in this work were fabricated from planar microcavity material which was grown by molecular beam epitaxy. In situ optical reflectivity monitoring was employed during growth to control the thicknesses of the deposited layers. The as-grown planar microcavities have Q ≈ 30000. The optical studies reported here were performed in a standard micro-photoluminescence setup, with spectral resolution better than 0.04 nm, for temperatures between 4 K and 60
K. Excitation was provided by the 632.8 nm line of a He-Ne laser, focused with a 50 X magnification microscope objective to a spot of 2 µm diameter. The spectrally resolved spatial profiles of the emission were recorded using an imaging spectrometer and a charge coupled device (CCD) camera. For all measurements, the sample is mounted inside a cold finger cryostat with a short window-to-sample distance. Care was taken that at all excitation powers heating of the sample by the laser was not significant.
III. CONTROL OF POLARIZATION OF A SINGLE QUANTUM DOT EMISSION
As reported before 9 the microcavity pillars investigated here exhibit high quality factors Q, with values up to 13000 for a 1.5 µm diameter circular pillar. In pillars with an elliptical cross section, the polarization degeneracy of the photonic modes is lifted into two orthogonally linearly polarized modes, with polarizations parallel (X, lower energy mode) and perpendicular (Y , higher energy mode) to the long axis of the pillar. Figure 2 shows the polarization splitting of the fundamental mode in the emission spectra of a series of elliptical pillars with different ellipticities. As expected, 7 the splitting increases with ellipticity.
We note also that there is a pronounced difference in the Q-values of the two polarized modes. As explained elsewhere, 10 this difference is due to the polarization sensitivity of the reflectivity of the Bragg mirrors.
The spectra shown in Fig. 2 are obtained under high power excitation. In this condition, the emission lines from single dots within the pillars are saturated and only the photonic modes of the pillars are seen. Under low power excitation, emission from individual dots is resolved. When spectrally separated from the photonic modes, the dot photoluminescence lines are normally unpolarized, since the dots typically have nearly degenerate orthogonally polarized exciton transitions. In some dots a small polarization splitting is resolvable. 12 By contrast, the emission of a quantum dot in resonance with one of the polarized photonic modes of an elliptical pillar is normally strongly polarized, 9 showing the same polarization as the mode. Figure 3 shows emission spectra at 7 K with low excitation power for two orthogonal polarizations for an elliptical pillar with a 2 µm major axis and a 1.5 µm minor axis.
Although the excitation power is low, the polarization split fundamental photonic mode can still be seen clearly. The polarization splitting, about 0.3 nm, is relatively small due to the low degree of ellipticity of this pillar but since the Q values are high, around 10000, the strongly polarized lines are well resolved. An excitonic emission from a quantum dot is seen at a energy just above the fundamental photonic mode. Note that the emission of this out-of-resonance dot is not polarized.
With an increase in temperature, the dot excitonic emission shifts to lower energy due, mainly, to the change in the energy bandgap of the material. The photonic modes also shift to lower energy with temperature, but at a much slower rate, largely due to the change in the refractive indexes. Hence, the emission of a quantum dot may be scanned through resonance with the photonic modes by temperature variation (see, e.g., Daraei et al. 9 ). 
IV. SPECTRALLY RESOLVED TWO DIMENSIONAL PHOTONIC MODE MAP-PING
Further insight into the coupling of the emission of the dots to the photonic modes and also into the structure of the modes themselves can be obtained by measuring the spatial distribution of the optical emission out of the microcavity pillar. Figure 6 (a) shows onedimensional (1D) cross sectional images of the first three modes for an elliptical pillar with 5 µm -1 µm major axis -minor axis, such as the one shown in Fig. 1(b) , in Y polarization at high excitation power. At each energy we plot a one-dimensional cross section through the image of the emission. The spatial profile of the first three photonic modes along the major axis of the elliptical cross section of the pillar shows clearly the variation of spatial distribution with mode number. Figure 6(b) shows the corresponding photoluminescence spectra for the two polarizations, at high excitation power, which displays the photonic modes, and at low power, in which the emission from single quantum dots is resolved. Note that some dots, such as the one indicated by the third arrow from the left in Fig. 6(b) , do not couple well to the photonic modes as far as the degree of polarization is concerned. This is probably due to these dots being located at or near a node of the mode to which they are spectrally tuned. 
V. SUMMARY AND CONCLUSIONS
We have shown that is possible to control completely the linear polarization of the emission from single quantum dots. This is achieved by embedding the quantum dots inside a microcavity pillar with elliptical cross section and using temperature variation to tune the quantum dot emission in and out of resonance alternately with the polarization split photonic modes of the elliptical micropillar. Taken together with the ease of fabrication of these structures, this confirms microcavity pillars with an asymmetric cross section as very attractive devices for polarized single photon sources.
In addition, we have measured the spatial distribution of the light emission for a se- 
